Reaction of [U VI O 2 (dppmo) 2 (OTf)][OTf] (dppmo = Ph 2 P(O)CH 2 P(O)Ph 2 ) with 4 equiv of
Introduction
Reductive silylation of the uranyl ion was first reported in 2008, 1 and has since been described for a variety of co-ligand types and silylating reagents. [2] [3] [4] [5] [6] [7] For example, Arnold and co-workers demonstrated that sequential reaction of U VI O 2 (THF)(H 2 L) (L = polypyrrolic macrocycle) with KN(SiMe 3 ) 2 and FeI 2 resulted in formation of the U(V) silyloxide, [U V O(OSiMe 3 )(THF)Fe 2 I 2 L]. 7 Similarly, our research group has demonstrated that reaction of U VI O 2 ( Ar acnac) 2 ( Ar acnac = ArNC(Ph)CHC(Ph)O, Ar = 3,5-t Bu 2 C 6 H 3 ), 8 with a mixture of B(C 6 F 5 ) 3 and HSiR 3 (R = Ph, Et), 9, 10 or with Ph 3 SiOTf alone, 11 results in formation of the reductive silylation products, U V (OSiR 3 )(OB{C 6 11 respectively. In contrast to these oxo functionalization reactions, examples of complete oxo substitution remain rare. For instance, Ephritikhine and co-workers reported that reaction of U VI O 2 I 2 with Me 3 SiX (X = Cl, Br, I) in MeCN resulted in formation of U IV X 4 (MeCN) 4 . 12 In this example, the uranyl oxo ligand is likely converted into Me 3 SiOSiMe 3 . 13 Thionyl chloride can also effect oxo ligand substitution, as observed upon conversion of [ 14 In addition, our research group recently demonstrated a two-step procedure for the controlled removal of a uranyl oxo ligand, wherein a uranyl oxo was converted into a silyloxide that was subsequently protonated with a weak acid. 15 It is notable that many reductive silylation reactions can only achieve a 1e -reduction of the metal center. 1,2,9,10 Achieving a 2e -reduction, which would allow for isolation of a U(IV) product, appears to be more difficult, and only a few examples are known, including the Ephritikhine example discussed in the preceding paragraph. 12 Other examples include the reaction of U VI O 2 ( tBu acnac) 2 ( tBu acnac = t BuNC(Ph)CHC(Ph)O) with Me 3 SiI/Ph 3 P, followed by addition of 2,2′-bipyridine (bipy), 16 and the stepwise reaction of U VI O 2 ( Ar acnac) 2 with B(C 6 F 5 ) 3 /HSiPh 3 and Cp 2 Co. 9 Both transformations result in the 4 formation of U(IV) bis(silyloxide) complexes as the final products; however, both transformations are two step processes that require the isolation of an intermediate. This paucity of examples can be rationalized on the basis of the strongly electron donating ligands, such as Ar acnac or the pacman macrocycle, 1 which are often used in this chemistry, as these tend to stabilize higher oxidation states. As a result, the products of these reactions often have U(V)/U(IV) redox potentials that are a challenge to access chemically. For example, the U(V) reductive silylation product, U V (OSiPh 3 )(OB{C 6 F 5 } 3 )( Ar acnac) 2 , features a rather low U(V)/U(IV) redox potential of -0.72 V ( vs. Fc/Fc + ). 9 These strongly-donating ligands are nonetheless beneficial because they weaken the axial ligand field, thereby rendering the oxo ligands more nucleophilic and making the initial silylation step easier.
Herein, we describe our attempts to perform reductive silylation on 15 However, their higher energy uranyl U=O(sym) stretches also suggests that their oxo ligands will be less nucleophilic, which will disfavor oxo ligand silylation.
Results and Discussion
Previously, we demonstrated that reaction of the U VI O 2 (dbm) 2 (THF) with 2 equiv Ph 3 SiOTf resulted in silylation of both oxo ligands and 1e -reduction of the uranium center. 11 
5
In contrast, exposure of [U VI O 2 (dppmo) 2 Figure 1 and selected bond lengths and angles are collected in Table 1 .
Complex 1 features a square antiprism geometry, according to the continuous shape measure developed by Alvarez and co-workers (CSM = 0.32), 19 wherein the two square faces are defined by O1, O4 ,O7, and O8, and O2, O3, O5, and O6, respectively. The average U-O OTf distance (av. U-O = 2.39 Å) is similar to other U(IV)-O OTf distances, [20] [21] [22] but is slightly longer than those observed in the structurally related complex, U IV (OTf) 4 (DME) 2 (av. U-O = 2.28 Å), 23 which is probably a result of the steric bulk of the dppmo ligands. In addition, the average U-O dppmo bond length (av. U-O = 2.31 Å) is slightly shorter than the average U-O dppmo distance in the uranyl starting material, [U VI O 2 (dppmo) 2 18 but is similar to other U(IV) phosphine oxide complexes. [24] [25] [26] Figure S3 ). The broadness of these resonances is suggestive of exchange of the inner-and outer-sphere triflate moieties at a rate that is comparable to the NMR time scale. The 31 P{ 1 H} NMR spectrum of 1 does not feature any resonances, possibly because they are too broad to be observed. In addition, the near-IR spectrum for 1 is similar to those of other U(IV) complexes ( Figure S30 ), 9, 10, 28, 29 supporting the presence of a 5f 2 ion.
To better understand the mechanism of formation of complex 1, and determine the fate of the "yl" oxygen atoms, we followed the reaction of [U VI O 2 (dppmo) 2 (Scheme 1). The identity of both materials was confirmed by X-ray crystallography.
Notably, complex 1 was not formed in this reaction, according to a 1 H NMR spectrum of the reaction mixture, which may be a function of the lack of stirring and shorter reaction time. Figure S27 ). Overall, these data point to a synergistic relationship between Me 3 SiOTf and Cp 2 Co during the conversion of uranyl to U(IV), similar to that observed during formation of 1.
Complex 3 crystallizes in the monoclinic space group P2 1 /c as a discrete cation/anion pair. Its solid-state molecular structure is shown in Figure 3 and selected bond lengths and angles are collected in Table 1 
Concluding Remarks
In X-ray Crystallography. Data for 1-3 were collected on a Bruker 3-axis platform diffractometer equipped with a SMART-1000 CCD detector using a graphite monochromater with a Mo Kα X-ray source (α = 0.71073 Å). The crystals were mounted on a glass fiber under Paratone-N oil and all data were collected at 100(2) K using an Oxford nitrogen gas cryostream system. A hemisphere of data was collected using ω scans with 0.3° frame widths. Frame exposures of 30, 10, and 10 seconds were used for complexes 1, 2, and 3, respectively. Data collection and cell parameter determinations were conducted using the SMART program. 41 Integration of the data frames and final cell parameter refinement were performed using SAINT software. 42 Absorption correction of the data was carried out using the multi-scan method SADABS. 43 Subsequent calculations were carried out using SHELXTL. 44 Structure determinations were done using direct or Patterson methods and difference Fourier techniques. All hydrogen atom positions were idealized, and rode on the atom of attachment. Hydrogen atoms were not assigned to the disordered carbon atoms.
Structure solution, refinement, graphics, and creation of publication materials were performed using SHELXTL. 44 Complex 1 anisotropically. In addition, a few carbon atoms and one oxygen atom of a dppmo ligand were constrained with the EADP command. Finally, one dppmo C-C bond distance was restrained by the DFIX command in complex 3. A summary of relevant crystallographic data for 1-3 is presented in Table 2 . 
Supporting Information
Experimental procedures, crystallographic details (as CIF files) and spectral data for compounds 1-3. This material is available free of charge via the Internet at http://pubs.acs.org.
